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We report about the existence of magneto-acoustic pulses propagating in a 200-nm-thick ferro-
magnetic nickel film excited with 120 fs laser pulses. They result from the coupling between the
magnetization of the ferromagnetic film and the longitudinal acoustic waves associated to the prop-
agation of the lattice deformation induced by the femtosecond laser pulses. The magneto-acoustic
pulses are detected from both the front and back sides of the film, using the time-resolved magneto-
optical Kerr technique, measuring both the time dependent rotation and ellipticity. We show that
the propagating acoustic pulse couples efficiently to the magnetization and is strong enough to in-
duce a precession of the magnetization. It is due to a transient change of the crystalline anisotropy
associated to the lattice deformation. It is shown that the results can be interpreted by combining
the concepts of acoustic pulse propagation and ultrafast magnetization dynamics.
The technology of information and communication
constantly needs to improve the speed and density of
memory devices. Towards that goal, intense researches
are being carried out for manipulating the spins in mag-
netic materials using various excitation methods like the
use of external magnetic field pulses [1–3]. Alternatively,
femtosecond laser pulses have been utilized to induce
an ultrafast demagnetization via a sudden and abrupt
change of the temperature of the magnetic material [4–
10], or using the inverse Faraday effect [11, 12]. This new
field of magnetism, named ”femtomagnetism” [13, 14],
uses photons to directly manipulate magnetic structures
with a temporal resolution of a few femtosecond. The de-
magnetization can then be used to modify the anisotropy
of the magnetic material [15] which leads to a reorienta-
tion of the magnetization vector followed by its preces-
sion and damping in the direction opposite to the initial
one [10, 16, 17]. In spite of their versatility, due to the
various laser wavelengths and pulse durations, magneto-
optical methods are limited by the absorption depth of
photons. For application purposes, it is a disadvantage
for controlling devices at long distances, particularly in
opaque materials like ferromagnetic metals.
In the present work we explore an alternative way
of controlling the magnetization, based on magneto-
acoustic performed at room temperature in ferromag-
netic films. It is known that strain pulses, correspond-
ing to a lattice deformation of a material, can be gener-
ated with a laser pulse, a subject which has been exten-
sively studied theoretically and experimentally [18–20],
since the pioneering works of Thomsen et al. [21, 22].
The relative amplitude of these strain pulses can be as
large as 10−3. Such acoustic waves have been used for
perturbing the magnetic properties of a dilute magnetic
semiconductor material, at low temperature and with a
very low efficiency [23]. Here we show that one can ef-
ficiently use the strain pulses that propagates over long
distances in ferromagnetic metals at room temperature
and induce very large changes of the magnetization. In
addition, to explain our results we propose a model that
takes into account the spatio-temporal propagation of the
strain pulses coupled to the magnetic anisotropy. Our re-
sults open the way to a large number of applications for
the ultrafast control of information in magneto-acoustic
devices addressed by ultrashort laser pulses.
The experiment consisted in generating longitudinal
acoustic waves in nickel films with femtosecond pump
pulses and probing the magnetization dynamics on both
faces of the film, using the time resolved magneto-optical
Kerr effect. The probe pulses pfront and pback, with a
duration of 120 fs and a wavelength 794 nm, are issued
from an amplified Titanium Sapphire laser operated at
5 kHz. The pump pulses (150 fs, 397 nm), obtained by
second harmonic generation, excite only the front face of
the sample with a maximum energy density of 5 mJcm−2.
They are focused onto the sample within a spot diameter
(200 µm) twice larger than the two probe beams. The
reflectivity R(t), polarization rotation θ(t) and ellipticity
ε(t) of both pfront and pback are detected with polariza-
tion bridges as a function of the pump and probe delay
t. We used two poly-crystalline 200-nm-thick Ni films,
deposited either on a glass or a sapphire substrate by
electron-beam evaporation.
We first studied the dynamics of the reflectivity for
comparison with existing results [22, 24]. Figure 1 shows
the differential reflectivity ∆R(t)/Rs for the Ni/glass film
(Figs. 1(a)-1(b)) and Ni/sapphire film (Figs. 1(c)-1(d))
probing the front (Figs. 1(a)-1(c)) and back (Figs. 1(b)-
1(d)) sides of the films. Two different pump energy den-
sities Ep have been used as shown in the figures. For
pfront, in addition to the well known thermal dynam-
ics associated to a heating of the electrons and lattice,
four acoustic echoes with a period of T = 98 ps are ob-
served. For pback the dynamics of ∆R(t)/Rs differs for
the two substrates with oscillations and echoes in the case
of Ni/glass and echoes only in the case of Ni/sapphire.
We model ∆R(t)/Rs by taking into account the dynam-
ical changes of the thermo-optic and piezo-optic proper-
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FIG. 1: Differential reflectivity ∆R(t)/Rs for different pump
energy densities Ep of 200-nm-thick nickel films. (a) and (b):
Ni/glass sample and (c) and (d): Ni/sapphire sample. (a)
and (c) are obtained for pfront probing and (b) and (d) for
pback probing. (e - left): modeling of the strain profile at t
= 40 ps after excitation with a femtosecond laser pulse. (e -
right): fit of the differential reflectivity using the model.
ties affecting the complex refractive index n˜ as follows:
∆n˜ =
∂n
∂T
∆Te + i
∂κ
∂T
∆Te +
∂n
∂η
η + i
∂κ
∂η
η (1)
n and κ are the real and imaginary parts of n˜ at the
wavelength of the probe beam, Te is the electron temper-
ature and η is the longitudinal strain pulse. The partial
derivatives are the thermo-optic and piezo-optic coeffi-
cients. The thermo-optic part essentially involves the
electron temperature change [25], while η and the piezo-
optic part occur via the temporal gradient of the lattice
temperature Tl(z, t) [19]. Both temperatures are coupled
and can be modeled by the two temperatures model:
Ce (Te)
∂Te
∂t
=
∂
∂z
(σ
∂Te
∂z
)− g (Te − Tl) + 1
ζ
P (t)e−
z
ζ
Cl (Tl)
∂Tl
∂t
= g (Te − Tl) (2)
where Ce(Cl) is the electron (lattice) heat capacity per
unit volume, σ the thermal conductivity, g the electron-
lattice coupling constant, ζ the absorption length, P (t)
the absorbed pump energy and z is the direction of prop-
agation perpendicular to the film surface. For nickel
we used the following values: γ = 6 × 103 Jm−3K−2
(Ce = γTe) [4], σ = 91 Wm
−1K−1 [24], ζ = 13.5 nm for
n˜′ = 1.61 + 2.36i at 400 nm [26]. Cl and g are fitted
from the experimental shape of the echo as shown on the
right side of Fig. 1(e). We first compute Te(z, t) and
Tl(z, t) assuming a semi-infinite slab together with the
proper boundary conditions and a pump energy density
Ep = 1.7 mJ/cm
2. Then Tl(z, t) acts as a source term in
the following one dimensional wave equation [19].
ρ
∂2u(z, t)
∂t2
= ρv2
∂2u(z, t)
∂z2
− 3βB∂δTl
∂z
(3)
u (η = ∂u/∂z) is the lattice displacement, ρ is the mass
density (8.91 × 103 kgm−3), v is the sound velocity in
Ni (4.08 × 103 ms−1, as measured here), β is the lin-
ear thermal expansion coefficient (1.3× 10−5 K−1), B is
the bulk modulus (1.8 × 1011 Nm−2 [27]) of nickel. The
strain profile obtained with Eq. 3 for t = 40 ps is shown
in Fig. 1(e) (left curve). It consists of a quasi station-
ary part near the surface of the film and a propagating
part which is partially transmitted to the substrate and
partially reflected back to the film with a reflection co-
efficient rac ∼ −0.39, which is obtained from successive
echoes in Fig. 1(a). The negative sign takes into account
the reversal of the strain pulses at interfaces. The propa-
gation of the strain, back and forth in the film, then gives
rise to the series of echoes observed in Fig. 1(a)-1(c) with
a period T = 2d/v. The corresponding reflectivity can be
obtained after considering the piezo-optic effect in whole
depth using [24]:
δr
r
= −i4pi
λ
δz + i
8pin˜
λ(1− n˜2)
∂n˜
∂η
∫ ∞
0
η(z, t)exp(i
4pin˜
λ
z)dz
with n˜(λ = 800 nm) = 2.48 + 4.38i [26] and δr/r is
the differential reflectance (∆R(t)/Rs = 2Re[δr/r]). The
contribution of the strain pulse on the reflectivity is com-
pared with the experimental data on the right side of
Fig. 1(e). The fitting parameters are: Cl = 2.0 × 106
Jm−3K−1 and g = 5× 1017 Wm−3K−1.
To distinguish the piezo-optic contribution from the
thermo-optic one on ∆R(t)/Rs and the magnetic prop-
erties described hereafter we analyze the dynamics on
the back side of the samples using pback. As seen
in Figures 1(b) and 1(d) the echoes now appear at
(2m + 1)T/2, (m = 0, 1, 2) with no thermal component
like in the case of pfront. In addition, for Ni/glass large
oscillations occur which are due to interferences between
the probe beam reflected at the Ni-glass interface and
secondary beams reflected at the strain pulse transmit-
ted partially into the substrate [22, 28]. This is a known
effect for transparent materials [29], and is not due to the
reflectivity change of Ni. Since the sapphire substrate has
a negligible piezo-optic coupling near 800 nm [20], these
interferences do not show up in Fig. 1(d). Let us notice
that, while the strain pulse propagates back and forth in
the film, the tensile part of the pulse comes first up to
the film surface, the compressive part, on the contrary,
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FIG. 2: Differential Kerr rotation ∆θ/θs (a) and ellipticity
∆ε/εs (b) probed from the front side of the Ni/glass sample.
The curves corresponding to the different angles of the mag-
netic field φ = 25, 35, and 45◦ have been shifted along the
ordinate axis for clarity.
arrives first at Ni-glass interface. This reverses the po-
larity of the differential reflectivity by a strain pulse as
shown in Fig. 1(a) and (b).
Let us now focus on the ultrafast magneto-acoustic
properties of Ni. In order to investigate the effect of
the coupling between the strain pulse and the magnetiza-
tion, we measured the differential magneto-optical Kerr
response ∆θ/θs and ∆ε/εs. Figure 2(a) shows ∆θ/θs for
different angles of the magnetic field φ = 25, 35, and 45◦,
with respect to the normal to the sample, for Ep = 2.0
mJcm−2. Each graph is shifted for clarity and ∆R(t)/Rs
is shown for comparison. The oscillations on the rota-
tion θ correspond to a precession of the magnetization
induced by the laser pulse. Its period decreases with φ
as the effective field increases [15]. In addition, two weak
magneto-acoustic pulses show up at the same delays T
and 2T as those on the reflectivity. They are much more
contrasted on the ellipticity curves as seen in Figure 2(b)
where they are observed up to t = 3T .
In Figure 2, the precession of the magnetization is
mainly induced by the thermal effect due to absorption of
the femtosecond laser pulse on the front side of the sam-
ple as it is already known in several ferromagnetic materi-
als [10, 16, 17]. In addition, the acoustic strain induces a
modification of the magnetic anisotropy of nickel through
the magneto-elastic property which also contributes to
the motion of precession. To separate these two con-
tributions (thermal and strain), we measured the Kerr
magneto-optical rotation and ellipticity from the back
surface of the sample, using pback as shown in Figure 3.
Figure 3(a) displays ∆θ/θs for φ = 0, 25, and 35
◦ with Ep
= 1.7 mJcm−2. Similarly to the reflectivity echoes (Fig.
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FIG. 3: Differential Kerr rotation ∆θ/θs (a) and ellipticity
∆ε/εs (b) probed from the back side of the Ni/glass sam-
ple. The curves corresponding to the different angles of the
magnetic field φ = 0, 25, and 35◦ have been shifted along the
ordinate axis.
1(b)), several echoes of magneto-acoustic pulses occur at
(2m + 1)T/2, (m = 0, 1, 2). They are also much better
contrasted on the ellipticity ε as seen in Figure 3(b). In
addition let us stress that, like the polarity reversal of
∆R/Rs between the front and back side in Fig. 1, the
polarity reversals of the magneto-optical responses θ and
ε also occur when comparing the front and back sides
(Figures 2 and 3).
We estimate the effect of the strain pulse on the mag-
netization by using the magneto-elastic energy equation:
Eme = −3/2λsσs cos2ϕ, where λs = −3.3 × 10−5 is the
magnetostriction coefficient of a poly-crystalline Ni film
[30], σs = 3(1 − ν)/(1 + ν)Bη is the stress, ν the Pois-
son’s ratio, and ϕ is the angle between the strain di-
rection and the magnetization vector. Our experimen-
tal value of 4 × 10−3 for the strain amplitude gives an
important change of the effective field direction (∼ 4◦).
More importantly, the coupling of the strain to the mag-
netization induces a large motion of precession with 0.1
contrast ratio on the differential rotation ∆θ/θs. The
detailed modeling of the magneto-acoustic pulses can
be performed by adding a third temperature in Eq. 2,
corresponding to the spins bath [31], together with the
Landau-Lifschitz equation taking into account the non-
conservation of the magnetization modulus [15] and the
time dependent magneto-elastic anisotropy. Although
straightforward, this calculation is beyond the scope of
the present article.
Our results offer interesting perspectives for applica-
tions to ferromagnetic metals. While the magnetization
dynamics induced by thermal processes are confined at
the surface of the film within the penetration depth of
4light and heat diffusion length, the acoustic strain pulse
propagates with little dispersion over large distances and
can be used to manipulate the effective field Heff (t) of
the material at long distances as obviously demonstrated
in Figure 3. In turn this dynamical change of Heff (t),
which is known to modify the magnetization precession
and damping [15, 32], can be used to induce and manip-
ulate a torque on the back side of the sample. Another
application relies on the fact that the temporal width
and frequency bandwidth of the acoustic pulse can be
monitored by tailoring the film thickness [33]. Therefore
a Ni film can be utilized not only as a high frequency
dispersion-less generator transducer [19, 24, 34], but also
as a sensitive receiver transducer based on the magneto-
optical detection through the efficient ultrafast magneto-
acoustic coupling demonstrated here.
In conclusion, we have shown the existence of ultra-
short magneto-acoustic pulses in a nickel film excited
with femtosecond laser pulses. We have studied their
dynamics and propagation to the backside of the film
showing that the large strain deformation changes the
magneto-elastic coefficients and induces a torque that
makes the magnetization precess. Our results open a new
way of controlling magnetic devices at room temperature
with a large efficiency.
The authors acknowledge the financial support of the
European Research Council with the ERC Advanced
Grant ATOMAG (ERC-2009-AdG-20090325 247452).
∗ Electronic address: bigot@ipcms.u-strasbg.fr
[1] W. K. Hiebert, A. Stankiewicz and M. R. Freeman, Phys.
Rev. Lett. 79, 1134 (1997).
[2] Y. Acremann, C. H. Back, M. Buess, O. Portmann, A.
Vaterlaus, D. Pescia and H. Melchior, Science 290, 492
(2000).
[3] Th. Gerrits, H. A. M. van den Berg, J. Hohlfeld, L. Ba¨r,
Th. Rasing, Nature 418, 509 (2002).
[4] E. Beaurepaire, J.-C. Merle, A. Daunois, and J.-Y. Bigot,
Phys. Rev. Lett. 76, 4250 (1996).
[5] J. Hohlfeld, E. Matthias, R. Knorren, and K. H. Benne-
mann, Phys. Rev. Lett. 78, 4861 (1997).
[6] M. Bauer, S. Pawlik, W. Weber, R. Burgermeister, D.
Oberli, and H. C. Siegmann, Phys. Rev. Lett. 79, 5158
(1997).
[7] A. Scholl, L. Baumgarten, R. Jacquemin, and W. Eber-
hardt, Phys. Rev. Lett. 79, 5146 (1997).
[8] B. Koopmans, M. Van Kampen, J. T. Kohlhepp, and W.
J. M. de Jonge, Phys. Rev. Lett. 85, 844 (2000).
[9] L. Guidoni, E. Beaurepaire, and J.-Y. Bigot, Phys. Rev.
Lett. 89, 017401 (2002).
[10] M. van Kampen, C. Jozsa, J. T. Kohlhepp, P. LeClair,
L. Lagae, W. J. M. de Jonge, and B. Koopmans, Phys.
Rev. Lett. 88, 227201 (2002).
[11] A. V. Kimel, A. Kirilyuk, P. A. Usachev, R. V. Pisarev,
A. M. Balbashov, and Th. Rasing, Nature (London) 435,
655 (2005).
[12] F. Hansteen, A. Kimel, A. Kirilyuk, and Th. Rasing,
Phys. Rev. Lett. 95, 047402 (2005).
[13] G. Zhang, W. Hu¨bner, E. Beaurepaire, and J. Bigot,
in ”Spin Dynamics In Confined Magnetic Structures I”,
edited by B. Hillebrands, and K. Ounadjela, vol. 83 of
Topics In Applied Physics, pp. 245-288 (2002).
[14] U. Bovensiepen, Nature Physics 5, 461 (2009).
[15] J.-Y. Bigot, M. Vomir, L. H. F. Andrade, and E. Beau-
repaire, Chem. Phys. 318, 137 (2005).
[16] G. Ju, A. V. Nurmikko, R. F. C. Farrow, R. F. Marks, M.
J. Carey, and B. A. Gurney, Phys. Rev. Lett. 82, 3705
(1999).
[17] M. Vomir, L. H. F. Andrade, L. Guidoni, E. Beaurepaire,
and J.-Y. Bigot, Phys. Rev. Lett. 94, 237601 (2005).
[18] H. T. Grahn, H. J. Maris, and J. Tauc, IEEE J. Quantum
Electron. 25, 2562 (1989).
[19] O. B. Wright and V. E. Gusev, IEEE Trans. Ultrason.
Ferroelectr. Freq. Control 42, 331 (1995).
[20] O. B. Wright, B. Perrin, O. matsuda, V. E. Gusev, Phys.
Rev. B 78, 024303 (2008).
[21] C. Thomsen, J. Strait, Z. Vardeny, H. J. Maris, J. Tauc,
and J. J. Hauser, Phys. Rev. Lett. 53, 989 (1984).
[22] C. Thomsen, H.T. Grahn, H.J. Maris, and J. Tauc, Phys.
Rev. B 34, 4129 (1986).
[23] A. V. Scherbakov, A. S. Salasyuk, A.V. Akimov, X. Liu,
M. Bombeck, C. Bru¨ggemann, D. R. Yakovlev, V. F.
Sapega, J. K. Furdyna, and M. Bayer, Phys. Rev. Lett.
105 117204 (2010).
[24] T. Saito, O. Matsuda, and O. B. Wright, Phys. Rev. B
67, 205421 (2003).
[25] C. -K. Sun, F. Valle´e, and L. H. Acioli, Phys. Rev. B 50,
15337 (1994).
[26] Handbook of Optical Constants of Solids, edited by E. D.
Palik, (Academic Press, London, 1986), p. 322.
[27] F. Luo, X. -R. Chen, L. -C. Cai, and Q. Wu, J. At. Mol.
Sci. 2, 19 (2011).
[28] H. -N. Lin, R. J. Stoner, H. J. Maris, and J. Tauc, J.
Appl. Phys. 69, 3816 (1991).
[29] C. A. C. Bosco, A. Azevedo, and L. H. Acioli, Phy. Rev.
B 66, 125406 (2002).
[30] S. Chikazumi, Physics of Ferromagnetism, 2nd edition,
(Clarendon Press, Oxford, 1997), p. 361.
[31] J.-Y. Bigot C. R. Acad. Sci. Ser. IV (Paris) 2, 1483
(2001).
[32] J. -W. Kim, H. -S. Song, J. -W. Jeong, K. -D. Lee, J.
-W. Sohn, T. Shima, and S. -C. Shin, Appl. Phys. Lett.
98, 092509 (2011).
[33] C. -Y. Chen, Y. -C. Wen, H. -P. Chen, T. -M. Liu, C. -C.
Pan, J. -I. Chyi, and C. -K. Sun, Appl. Phys. Lett. 91,
133101 (2007).
[34] O. B. Wright, Phys. Rev. B 49, 9985 (1994).
